RESUMO

Objetivou-se, com a pesquisa, avaliar os efeitos clínicos e microscópicos da associação do omento de coelho com a membrana amniótica (AM) canina, na ceratoplastia lamelar em coelhos. Dois grupos foram constituídos: um recebeu enxerto de omento alógeno livre, recoberto por AM (grupo OM-graft); o outro recebeu enxerto de AM contendo células mesenquimais derivadas do omento (grupo OM-cell). Manifestações clínicas foram avaliadas em diferentes tempos de pós-operatórios. Após as avaliações clínicas, coelhos foram submetidos à eutanásia e córneas foram colhidas para histopatologia e imunohistoquímica (Ki-67, marcador de proliferação). Relativamente às manifestações clínicas, ambos os grupos apresentaram sinais de quemose, blefarospasmo, secreção ocular, hiperemia e opacidade/edema. Neovascularização foi observada no grupo OM-cell. Avaliações à histopatologia mostraram que uma amostra de OM-cell apresentou ilhas de epitélio dentro do estroma. Aos 30 dias de pós-operatório, observou-se reepitelização corneal completa, em OM-graft e OM-cell. O grupo OM-cell apresentou mais células positivas para
. O omento livre e suas células, associados à AM, contribuíram para a reparação corneal, que se completou após 30 dias de ceratoplastia lamelar.
INTRODUCTION
Corneal diseases cause morphofunctional changes of varying pathogenesis. The most significant lesions are those that alter the corneolimbal stromal microenvironment, jeopardizing the survival of the progenitor cells (PCs) (SILVA RICARDO & GOMES, 2010) . Treatment of corneal lesions is expensive, and despite the therapeutic advances of the last 20 years, these diseases are still a socio-economic problem in developing countries.
Transplantation of biomaterials, especially the amniotic membrane (AM), is a viable option for treating corneal lesions resistant to medical therapy (HOLLAND et al., 2015) . Previous reports showed that allogeneic or xenogenous AM can be associated with other RICARDO & GOMES, 2010) . Benefits of combining the AM with other tissues may arise from the increased concentration of soluble molecules that stimulate cell migration from the cell-cell and cell-matrix contact site, and the recruitment of cells with high proliferative activity (DUA et al., 2004) .
The characteristics (presence of mesenchymal PCs, growth factors and matrix structural macromolecules) of the omentum suggest that it could be associated with the AM (SHAH et al., 2012; PORZIONATO et al., 2013) . In fact, studies were published on the benefits of free omental grafts (AZARI et al., 2010) , as well omental progenitor or non-progenitor mesenchymal cells (GOMEZ-GIL et al., 2009) , in tissue repair.
The goal of this study was to evaluate the effects in rabbits of lamellar keratoplasty using rabbit omentum associated with xenogenous (canine) AM. The allogeneic free omentum fragments, as well as the omental mesenchymal cells derived, were associated with the AM.
MATERIALS AND METHODS
Animals
Thirty-two adult male White New Zealander rabbits were included in the research. Two rabbits were used as omentum donors, while the other underwent lamellar keratoplasty combined with transplantation of either free omental graft (OM-graft group) or omental mesenchymal cells (OM-cell group). Canine AMs were used as either cell carriers or patches.
Harvesting the canine amniotic membrane
The AMs were obtained from two dogs that had undergone Cesarean sections. After washing, the AMs were cut into 4×4cm sections and stored in a vessel containing 98% glycerol (Synth, SP, Brazil) at 25°C for 30 days prior to use.
Harvesting the rabbit omentum Two rabbits were premedicated by intramuscular injection of acepromazine (0.04mg kg -1 ; Vetnil, SP, Brazil) combined with tramadol (4mg kg -1 ; Cristália, SP, Brazil). Anesthesia was then induced intravenously using ketamine (10mg kg -1 ; Cristália) combined with midazolam (0.3mg kg -1 ; Cristália) and maintained using propofol (Virbac, SP, Brazil). Abdominal cavity was approached through a 4-cm ventral midline incision. The greater omentum was located and exteriorized from the abdominal cavity. After it was detached, washed in sterile 0.9% NaCl, and cut into 3×3cm pieces. Some pieces were stored in a vessel containing 98% glycerol for 30 days prior to use as a free graft, other were used to establish cultures of omental mesenchymal cells.
Isolation and culture of omental mesenchymal cells
The cells were isolated according to the protocol described by DANOVIZ et al. (2011) . The omentum was incubated with collagenase type IA (0.075%; Sigma, MO, USA) diluted in Dulbecco's Modified Eagle's medium (DMEM) with a low glucose concentration (Cutilab, SP, Brazil). After centrifugation, the cells were resuspended in DMEM supplemented with 10% fetal bovine serum (Cutilab) and incubated for 12 hours at 37°C in 5% CO 2 . The non-adherent cells were discarded, while the adherent cells were cultured for three days at 37°C in a humidified chamber 5% CO 2 .
Only cells that had been isolated from the third passage (P3) were used in the study. The presence of PCs was confirmed by flow cytometry using antibodies against human CD90 (BD Pharmingen, CA, USA). Approximately 18% of the cells were CD90-positive.
Transference of omental mesenchymal cells to the amniotic membranes
Fragments of AM were taken from the glycerol, washed using sterile 0.9% NaCl, and cut into 2×2cm pieces. They were then distended in a 24-well culture plate, with the epithelial side faceup, and immersed in 2 mL of DMEM containing omental mesenchymal cells. Examination using a Neubauer camera demonstrated that approximately 6.42 × 10 4 cells were transferred to each piece from the AM. The samples were incubated for 24 hours at 37°C in a humid chamber containing 5% CO 2 .
Lamellar keratoplasty
Thirty rabbits were premedicated and anesthetized as described for omentum harvesting. Only the right eye of each rabbit was used in the research. Corneas were desensitized using tetracaine drops that contained 0.1% phenylephrine (Allergan, SP, Brazil). All procedures were performed using an operating microscope (D.F. Vasconcelos, SP, Brazil). Using a 6-mm trephine the cornea was penetrated in the paracentral area to a depth of 1/3 of the stromal thickness, creating a recipient bed for implantation of the free-omental graft ( Figure  1A ) or cells-containing AM ( Figure 1B) .
Free-omental grafts were confectioned using a 7-mm trephine. After fixation to the corneas using 9-0 mononylon wire in a simple separated suture, the grafts were covered with AM patches. The patchs were placed with the epithelial face not in direct contact with the cornea, so as to cover the omentum, and its edges were sutured to the conjunctival fornix, using 8-0 mononylon in simple interrupted points.
AMs that contained the omental mesenchymal cells were transplanted onto the eyes of 15 rabbits. Cells were placed in contact with the recipient bed, and the AM was sutured using 9-0 mononylon wire in a continuous pattern. No patch was used.
All rabbits were treated using tobramycin eye drops (Alcon, SP, Brazil) every 6 hours for 2 weeks. Tramadol (3mg kg -1 ; Cristália) was administered by subcutaneous injection every 20 hours for 5 days. Animals were euthanized on postoperative days 3, 7, 14, 30, or 60.
Clinical evaluation
Clinical data were collected prior to euthanasia. Chemosis, blepharospasm, ocular discharge, conjunctival hyperemia, corneal opacity/ edema, graft retention, and neovascularization were graded as absent, mild, moderate, or severe (GODOY-ESTEVEZ et al., 2015) .
Histopathology and immunohistochemistry
Corneas were harvested on postoperative days 3, 7, 14, 30, and 60; they were fixed using 10% buffered formaldehyde and embedded in paraffin. Sections (4-µm) were stained using hematoxylineosin (HE) or subjected to immunohistochemistry to detect cell proliferation (Ki-67 [clone MIB-1]; DAKO, CA, USA) (CRESTA & ALVES, 2007) . Optimum dilution of the antibody was 1:50. Citrate buffer (pH 6.0) was used for antigen retrieval. Histofine Simple Stain TM MAX PO (Nichirei Inc., WA, USA) and diaminobenzidine (Nichirei Inc) were used to detect primary antibody.
Statistical analysis
Categorical variables were compared using Fisher's exact test. A P-value≤0.05 was considered statistically significant. Cluster analysis was performed to classify the rabbit corneas according to the collections of ocular manifestations that occurred in each postoperative period. Similarities between clinical profiles were measured as the Euclidean distance. All calculations were carried out using software (Minitab Inc., CA, USA).
RESULTS AND DISCUSSION
It is customary to use membranes in lamellar keratoplasty. However, difficulties remain as regards, selecting and processing the materials, justifying the search for new options. Biological membranes can be used freshly; however, this reduces the maximum possible interval between harvest and transplantation (MALHOTRA & JAIN, 2014) . Different protocols have been established to preserve biological membranes; namely, storage in glycerin 98% or cryopreservation. Many reports have been published on the use of free omentum graft in reconstructive surgery. The omentum is a fragile biomaterial with low mechanical strength (LANGLEY-HOBBS et al., 2013) ; for this reason, a support graft is often used alongside it, as in this study. Due to its immune privilege, the omentum used in such grafting need not be of autogenous origin.
Several authors have advocated using omentum that has been activated by intraperitoneal injection of polydextran particles as a donor source of mesenchymal PCs (SINGH et al., 2008; REQUICHA et al., 2012) , rather than the inactived omentum used in this study. In such a procedure, polydextran particles are surrounded by the stem cells after injection. However, because this was the first study to assess omental mesenchymal cells in corneal repair, we used the inactivated form; we will test alternative techniques in the future.
Regarding clinical manifestations, signs of chemosis, blepharospasm, ocular discharge, hyperemia, and corneal opacity/edema were observed. Interesting the OM-graft and OM-cell groups differed only with regard to the occurrence of chemosis, which was observed on day 3 (100% for OM-graft vs. 7.1% for OM-cell, P<0.001).
About 46.6% of the eyes in the OM-graft group showed mild-to-moderate blepharospasm on day 3 after surgery. A severe mucous ocular secretion (Figure 2A ) was observed on day 3 in 26.6% of eyes. A mild-to-moderate secretion was detected on days 3 (58.3%) and 14 (22.2%); this had been resolved in subsequent assessments. Hyperemia, which varied from mild to severe, was observed from day 3 (100%) until day 30 (16.6%). A moderate-to-severe corneal opacity ( Figure 2B ) was detected at the beginning of the assessment (80%); this had been resolved after 30 days. Dehiscence at the fixing points of the AM and omentum was observed in all animals of the OM-graft group at day 7. Neovascularization was not observed at any of the evaluations.
Mild-to-moderate blepharospasm was detected in eyes in the OM-cell group at the early assessment (78.3% of eyes at day 3 and 75% at day 7). Furthermore, a mild, mucous eye discharge ( Figure 3A ) was observed from day 3 (85.7%) until day 14 (66.6%). Hyperemia, ranging from mild to severe, was present until day 30 (16.6%). Mildto-moderate opacity ( Figure 3B ) was observed at all assessments, persisting until day 60 in 33.3% of eyes. Neovascularization was observed after 30 days of assessment (100%); this was likely caused by the xenogenous AM, as noted by GODOY-ESTEVES et al., (2015) , who found more inflammatory infiltrates and neovascularization when using human AM than when using allogeneic AM, for lamellar keratoplasty in rabbits. In keeping with the possibility that the neovascularization observed in OM-cell group caused AM, no new vessels were detected in the OM-graft group; however, dehiscence did occur. Nonetheless, the neovascularization may also have been caused by the suture material. Postoperative ocular manifestations were assessed using cluster analysis (MCLACHLAN, 1992) ; this reduced the subjective interpretation of the results, since individuals from the sample were allocated to subgroups based on the set of the clinical manifestations. Cluster analysis is used in medicine to identify patients who are expected to have the same level of response to treatment (BOUSLAUG, 2007) . This is an exploratory statistical method, where the distance (Euclidean) between individuals of the sample is calculated and represented by dendograms. The Euclidean distance is defined as the square root of the sum of the squares of the differences between all the coordinates of the vectors that define each individual in the sample (BOUSLAUG, 2007) . The dendogram is a diagram that illustrates the agglomeration of the data into subgroups in a way that the similarity between them is maximal if they belong to the same subgroup, and minimal otherwise. In this study, unified agglomerations of samples were observed, without the formation of subgroups, thereby indicating that the OM-graft and OM-cell individuals were similar over a range of clinical manifestations at different evaluation times ( Figure 4A-E) .
Due to lack of data on the use of omentum to repair corneal lesion, it was not identified its mechanism of action. In neither group epithelium it was observed lesion areas in any of the animals on postoperative day 3 ( Figure  5A ). Corneas harvested on postoperative days 7 and 14 showed inflammatory infiltrates, which were more extensive in the OM-graft group ( Figure 5B ). Similar results have been previously reported and suggested an active wound healing (GODOY-ESTEVES et al., 2015) .
On postoperative day 7, a sample from the OM-cell group showed epithelial islands within the stroma ( Figure 5C ). This result could be attribute to the movement of corneal epithelial cells into the AM during suturing (BARBOSA et al., 2013) , or to an active process of cell recruitment called epithelial-mesenchymal transition (MICALLIZZI et al., 2010) .
At day 30, the corneas of both groups had a stratified epithelium ( Figure 5D and E) coating the lesion areas. The degree of stratification observed suggests the biosynthesis of adhesion molecules. In the OM-cell group, vessels were observed in the stroma ( Figure 5F ).
With regard to epithelial cell proliferation, strong Ki-67 expression was observed in the OM-cell group during the final stages of corneal repair process ( Figure 5G ). The source of the proliferative cells was not identified; however, the Ki-67 positive cells may correspond to differentiating cells in the cornea itself, the corneal limbus or the conjunctival fornix.
CONCLUSION
The free omentum and its cells, combined with the AM, contributed to corneal repair, a process that was completed 30 days after lamellar keratoplasty. The mechanism of action of the omentum remains to be ascertained in future studies. Figure 4 -Dendrograms representative of the groups and Euclidean distances between the corneas of the rabbits used in this study, taking into consideration the clinical manifestations observed during the temporal evolution of the lamellar keratoplasty. In each graph (A-E), the first half of the total number of corneas evaluated corresponds to the OM-graft group. The second half corresponds to the OM-cell group.
